Objectives-To (a) describe differences in the outcome of cross sectional and longitudinal analysis on musculoskeletal complaints relative to age and work demands, and (b) to assess the entrance and drop out selection on musculoskeletal complaints among groups of employees relative to age and work demands. Methods-A study population was selected on the basis of questionnaire data from periodical occupational health surveys of almost 45 000 employees collected between 1982 and 1993. From all companies within this data base that participated twice in company wide surveys four years apart, male employees were selected, and stratified for age and work demands. There were several populations: follow up (participation in both surveys); drop out (participation only in the first survey); entrance (participation only at the second survey); and two cross sectional populations (all participants at each survey). Prevalences of back complaints and turnover rates were analysed. Results-Reported back complaints in the cross sectional analysis declined over the oldest age groups in heavy physical work versus a small increase in the longitudinal analysis. The age group 50-9 and back complaints were identified as predictors at the first survey for not participating at the second survey. Neither age nor work demands at the first survey indicated drop out among those employees with back complaints at the first survey. The effects of entrance selection on estimated prevalences were small. Conclusions-The results indicate that musculoskeletal disorders lead to selection out of work, affecting the validity of both cross sectional and longitudinal epidemiological studies. In future studies analyses of turnover figures on musculoskeletal complaints relative to work demands and age are recommended. (Occup Environ Med 1997;54:800-806) 
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(Occup Environ Med 1997;54:800-806) Keywords : back complaints; age; work demands; selection; study design; drop out; entrance During the past few years, various studies have been carried out on the combined effects of physical work demands and age on the development of musculoskeletal complaints, disorders, and related work incapacity. The two principle methods applied in these studies are the cross sectional-' and longitudinal design.67 When comparing the outcome of these research studies, remarkable differences in re- sults are found between the types of methodological designs.
It is obvious that prevalences and incidences obtained either by cross Participating in first survey (Ti) and four years later in second survey (T2), and at Ti and T2 working in the same company in a heavy physically demanding/mentally demanding job Drop out (heavy physical (Dp)/mental (Dm)):
Participating in survey at T1 working in a heavy physically demanding/mentally demanding job, and not participating at T2, or participating at T2 while working in a different company compared with T1, and/or job at T2 not categorised as heavy physically demanding/mentally demanding Entrance (heavy physical (Ep)/mental (Em)):
Participating in survey at T2 working in a heavy physically demanding/mentally demanding job, and not participating at T1, or participating at Ti while working in a different company compared with T2, and/or job at Ti not categorised as heavy physically demanding/mentally demanding Cross sectional (heavy physical (Cp)/mental (Cm)):
At T1: CpTi/CmTi is a composite of the populations FpT1/FmTi and Dp/Dm At T2: CpT2/CmT2 is a composite of the populations FpT2/FmT2 and Ep/Em flow selection related to musculoskeletal complaints may be expected to be more pronounced within physically demanding than with sedentary occupations. Coming back to our initial point, it may be hypothesised that both types of selection may have different effects in cross sectional and longitudinal study designs. This may be a plausible explanation for reported differences in study results between the two designs. Hence, to prevent drawing false conclusions from these studies, knowledge about the selection mechanism present within the population under study is required. However, the effects of health related selection relative to age and work demands on the outcome of cross sectional and longitudinal studies have been poorly defined so far.
The purpose of this study is twofold: (a) to describe differences in the outcome of cross sectional and longitudinal analysis on musculoskeletal complaints relative to age and work demands, and (b) to assess the entrance and drop out selection on musculoskeletal complaints among groups of employees relative to age and work demands.
Materials and methods

STUDY DESIGN
In The Netherlands, regional occupational health services take care of the health and wellbeing of employees of affiliated companies. With intervals of around four years, all employees are invited by their regional occupaParticipation in first survey (Ti) tional health services to participate in a periodic occupational health survey. 7 12 Within the interval 1982 to 1993, almost 45 000 employees, working in a wide range of occupations within 354 companies, participated in at least one survey carried out by an occupational health service in the eastern part of The Netherlands. From this population, only male employees were selected from companies participating at least twice in a company wide survey in this period. The interval between the first and second survey period within each company was restricted to between 2.5 and 5.5 years, mean (SD) 3.7 (0.4) years. When a company participated more than twice, the first two survey periods were selected.
From the selected companies, all employees participating in at least one out of two survey periods were stratified for work demands. Stratification was based on employee's job title according to the classification described by De Zwart et al.13 7For the present study, only employees within the two most contrasting categories were selected-that is, employees in the categories mentally demanding work and heavy physically demanding work. These categories will be referred to as mental and heavy physical.
In total, survey questionnaire data of male employees from 188 different companies were selected. On the basis of characteristics of participation in a survey and other criteria (table first survey consisting of a follow up population (participating in both surveys), a drop out population (participating at the first survey only), a cross sectional population at the second survey consisting of a follow up population (those who also participated at the first survey) and an entrance population (participating at the second survey only). Figure 1 shows the various populations under study.
DATA ANALYSIS
Back complaints are widely recognised as one of the most common musculoskeletal complaints affecting employees.'4 Therefore, data on the question "Do you regularly have pain or stiffness in the back? yes/no", originating from the survey questionnaire, were used for analysis. For the different populations, prevalences were computed. All populations were stratified into four age groups (20-9, 30-9, 40-9, and 50-9). Figure 2 A shows the cross sectional results at the first survey; eight age groups were constructed covering five year intervals each to analyse the differences in results between both types of study design more precisely. Multiple logistic regression analysis was applied to test whether the determined collection of variables could be identified as predictors at the time of the first survey for drop out at the second survey. Drop out at the second I survey was included in the model as a dichotomous outcome variable. Age at the first survey was included as a categorical scaled independent variable. Type of work demands and back complaints at the first survey were included as dichotomous independent variables. All three independent variables were forced in a single step into the model. The measure of association was the odds ratio.'5 Furthermore, interaction terms were entered into the model in a second step by forward stepwise selection (cut off value of P<0.05).
Differences in prevalences between the different populations were tested for significance by a two by two table X' test. Within the follow up population, differences in prevalence between the first and the second survey were tested by means of the non-parametric McNemar test for two correlated dichotomous variables. Differences were considered significant when the P value was <0.05. Figure 2 shows the prevalences of back complaints by age and work demands based on cross sectional analyses (A) and follow up analyses (B). Within both designs, there was a trend for higher prevalences among employees in heavy physical work than those in mental work demands at the first survey nor the various interaction terms entered in step two were found to contribute to the logistic regression model.
Results
CROSS SECTIONAL VERSUS LONGITUDINAL ANALYSIS
ENTRANCE POPULATION
About 50% of all participants in the second survey were in the entrance population (fig 3) , with large differences between the age groups. A steep and almost identical decline in the entrance population for both types of work was found with increasing age, starting from about 85% in the youngest age group to about 20% in the oldest age group. Table 4 presents the prevalences of back complaints for the populations at the second survey. The entrance population in heavy physical work (Ep) had a significantly lower prevalence than the follow up group at the second survey (FpT2) in the youngest age group (P<0.05). In mental work this was also found for the group aged 30-9 (P<0.05).
Discussion STUDY POPULATION
Survey questionnaire data gathered between 1982 and 1993 were used for secondary analysis. For the employees in the drop out population as well as the entrance population, the actual reasons for not participating twice in a company wide survey were not registered. Van Veldhoven et al'6 studied these reasons in more detail in a similar setting. From all drop outs in their survey, 80% of the employees were no longer doing the same job at the second survey (mean follow up time 3.5 years). This may be attributed to a change in job, disablement, retirement, dismissal, death, etc. The remaining 20% were classified as non-responders at the second survey. Among the entrance group at the second survey in their study, 88% of the employees were not doing the same job during the first survey and 12% were non-responders at the first survey. From these numbers it can be assumed that by far the main reason for not participating twice in our study was related to leaving the job or the company and not to nonresponse.
DROP OUT POPULATION
Age was found to be an important factor associated with drop out, especially for those employees aged 50-9. Within this age group, the main reasons for a high drop out may be related to disability and early retirement.' However, the youngest age group (20-9) also had a relatively large drop out percentage. Although in the scientific literature health related factors such as musculoskeletal complaints and cardiovascular diseases are often reported as the most predominant reasons for elderly employees to leave their job,'8 for the younger ones non-health related factors such as dissatisfaction with the salary or irregular working hours often seem to be related to drop out. '9 20 In heavy physical work, in all but the youngest age group significantly higher prevalences of back complaints occurred in the drop out population than the follow up population. The absence of significant differences within the youngest age group may be explained by the small number of years in which younger workers have been generally exposed to strenuous work demands. According to this line of reasoning, the risk of developing serious musculoskeletal complaints leading to drop out within this short exposure period can be expected to be low. In this study, the presence ofback complaints at the first survey was found to increase the probability of not participating in the second survey four years later. From this result, it may be assumed that back complaints are an important determinant of health related turnover. When related to musculoskeletal complaints in general, this finding accords with the results of various studies. '8 20 21 Surprisingly, an interaction effect between age and back complaints at the first survey and drop out at the second survey was absent. This suggests that the higher probability of drop out when back complaints are present does not differ between the various age groups. Furthermore, type of work does not affect the relation between back complaints at the first survey and drop out at the second survey. Hence, although heavy physical work demands often have been identified as a risk factor for the development of back complaints,22 they were not associated with an increased probability of drop out among employees with these back complaints.
ENTRANCE POPULATION
Within the present study, only for the youngest age group was there a significantly lower prevalence of back complaints in the entrance population into heavy physical work than in the follow up group at the second survey. For the older age groups, perhaps those employees in the entrance group were also exposed to harmful physical work demands in their earlier working life. This might explain the absence of significant differences in prevalences.
Analysing the entrance percentages stratified for age, it is not surprising that the process of entering an occupation is typically related to the younger age groups within both types of work demands. With increasing age the number of people starting a new job rapidly declines. The overall entrance in the total population at the second survey was found to be quite high, about 50%. Van Veldhoven et al '6 reported an entrance percentage of about 40%. The high entrance percentage in our study can partly be explained by expansion of some of the companies during the follow up interval.
SELECTION BIAS AND METHODOLOGICAL DESIGN
Health related selection in occupational cohorts has been found to bias estimated morbidity rates to a considerable degree, severely affecting the validity of cross sectional and longitudinal epidemiological studies. 8 23 Within our study, the most striking difference between the cross sectional and longitudinal design was reported in the oldest age groups (50-9). These controversial results might partly be ascribed to the effects of health related selection. The data of our study showed that health related selection due to back 
